heat to make catheters with properties suitable for manipulation and for recording pressures. The manometric system used is identical with that described previously.' Blood samples can be drawn at rates up to 4 cc. per minute and have been analyzed by a micromethod described by Deering.4 Catheters are inserted through needles of 18 to 21 gage with walls thinner than those of standard gage needles. For catheterization of the aorta, the brachial or femoral artery is punctured with a 19 gage needle and the catheter passed under fluoroscopic guidance to the desired site. For venous catheterization the same procedure is followed, using the external jugular, internal jugular,5 basilic, or femoral veins as the entrance site for the catheter. Arterial and venous pressure curves are recorded simultaneously with lead II of the electrocardiogram. To calculate pulse wave velocity the catheter is moved through a measured distance in the vessel and this distance is divided by the difference in time of onset of the pulse at the two sites in relation to the Q wave of the electrocardiogram. The start of the arterial pulse is taken as that point at which the first detectable rise in pressure is noted. Recording paper speed was 125 mm. per second, allowing measurements to be made accurately to ±0.001 second.
Subjects were fasting six hours and supine. Figure 1 is an example of the central aortic pulse contour recorded just distal to the aortic valve in a normal subject. 4.2 meters per second and 4.6 meters per second, respectively. There is a marked increase in the velocity of the pulse wave in the brachial and iliac arteries where it averages 8.2 meters per second, and 8.4 meters per second. The over-all pulse wave velocity from the aortic valve to the femoral artery is 5.3 meters per second, and from the subclavian to brachial artery 5.5 meters per second. In group IV the infant's pulse wave velocity is somewhat slower, whereas the 69 year old patient with arteriosclerosis has the fastest pulse wave velocity found in the brachial artery. The findings in the adult female with aortic stenosis are within the normal range. Average figures for each group show a gradual rise in the pulse wave velocity with increasing age. Figure 2 is a plot of the velocities of consecutive 10 cm. aortic segments in 13 of the 16 normal individuals. Three cases are not included because of incomplete data. All 13 individuals show a minimum pulse wave velocity in the region of the diaphragm, in 11 instances within 5 cm. of the diaphragm, and in two cases 12 cm. below the diaphragm. Nine of 11 cases show a decrease in the pulse wave velocity in the axillary or subclavian arteries when compared with its speed in the descending aorta. and the onset of the pulse in various parts of the arterial system. The first detectable rise in pressure at the aortic valves occurs on the average .085 second after the Q wave. The Q to brachial time averages .167 second and the Q to femoral time averages .205 second. Both show an inverse relation to age.
RESULTS

Forty
In most cases the sensitivity of the manometer was increased to permit magnification of the pulse contours, thus preventing measurement of diastolic pressures. In three individuals the systolic, diastolic, and mean pressures were recorded accurately (table 3) . There is a general increase in the pulse pressure as the catheter progresses toward the periphery with no significant change in the mean pressure. In two instances the increased pulse pressure was primarily due to a rise in systolic pressure. In one instance the fall in diastolic pressure was equal to the rise in systolic pressure.
venous pressure curves in man. The simplicity of the procedure as well as the lack of trauma to the patient has permitted the repeated performance of right auricular catheterization in the same individual, utilizing one vein as the entrance site of the catheter. The first three human subjects for aortic catheterization developed pain in the distal phalanges of the catheterized arm. Pain occurred three to four hours after completion of the procedure, reaching maximum intensity in eight hours and gradually disappearing over a two week period. Limiting the procedure to one hour and modifying the catheter production technic has lessened the frequency and severity of the symptoms. Except for occasional small hematomas, the only other complication noted was in the 69 year old man with arteriosclerosis and thrombosis of the terminal aorta. Five minutes following removal of the brachial catheter the brachial and radial pulsations were not present, the hand blanched, and the subject complained of pain and tingling in his hand. The pulsations returned to normal one hour later without treatment and no subsequent symptoms were noted.
Methods of determining pulse wave velocity used by Bazett,6 Sands,7 Hallock' and Haynes9 necessitated the estimation of the length of the arterial segment. It was impossible with their technics to measure the velocity of the pulse in localized segments of the aorta or other central vessels. The method utilized in this paper permits the measurement of pulse wave velocities over small segments of the aorta, for the arterial segment is measured by the distance the catheter is withdrawn. This relation holds except for the arch of the aorta where it has been assumed that the catheter follows the mean curvature. The errors inherent in the method lie in the degree of accuracy with which the point of onset of the pulse curve can be estimated. With high paper speed, permitting the measurement of small time intervals, the onset of arterial systole is gradual. To These results indicate that a marked increase in the pulse wave velocity does not occur until the pulse reaches the brachial or iliac vessels and that the pulse wave velocity increases only slightly from the brachial and iliac vessels to the radial and dorsalis pedis arteries respectively. At the level of the diaphragm and in the subclavian artery there is a deceleration of the pulse wave velocity. This deceleration can be explained on the basis of (1) changes in regional distensibility of the vessels due to (a) intrinsic regional structural variations in the vessels, (b) difference in the extrinsic pressure exerted by surrounding tissues or organs, (c) changes from subatmospheric to atmospheric pressure; or, (2) changes near the ostia of large vessels such as the celiac and renal arteries.
In five instances the catheter was passed directly to the aortic valve permitting calculation of the pulse wave velocity over the entire aorta. The Q to aortic time averaged .085 second which is similar to the Q to pulmonary artery time reported by Coblentz.10 CONCLUSIONS 1. The use of small caliber catheters inserted through 18 to 21 gage needles for aortic and right heart catheterizations in man is reported. It has been impossible to catheterize the pulmonary artery in man by this method. However, the technic has proved useful in the study of right auricular and central venous pressure variations.
2. The pulse wave velocity is approximately 5 meters per second in the human aorta and 8 meters per second in the brachial and iliac arteries.
3. There is a deceleration of the pulse wave in the vicinity of the diaphragm and the subclavian artery.
4. The onset of left ventricular ejection follows the Q wave of lead II of the electrocardiogram by an average of .085 second.
5. The time from Q to brachial pulse averages .167 second; from Q to femoral pulse averages .211 second.
6. There is an increase in the pulse pressure from the aortic valve to the femoral artery.
The mean pressures over this segment shows no significant change.
